Cardiac catheterization is performed routinely in hospitals all around the world. Extensive analysis of complications has been performed in the 1980s and early 1990s. However, because of the new therapeutic innovations based on advanced catheter technologies, these data may not apply to the present situation. Still, there are few data about procedural complications of diagnostic cardiac catheterization over the last 10 years. A total of 7,412 consecutive diagnostic cardiac catheterizations were performed between January 1990 and December 2000 and prospectively assessed in a registry. There were a total of 63 complications, of which 40 were minor and 23 major. Thus, the overall complication rate was 0.8%, with a mortality rate of 0%. Univariate analysis showed lower overall complication rate of senior physicians (> 500 coronary angiographies performed; OR ‫؍‬ 0.58; 95% CI ‫؍‬ 0.34 -0.98; P ‫؍‬ 0.04), smaller catheter size (< 6, 6, > 6 Fr: OR ‫؍‬ 2.6; 95% CI ‫؍‬ 1.53-4.41; P ‫؍‬ 0.0004), and a higher rate in patients having left and right heart catheterization (OR ‫؍‬ 2.62; 95% CI ‫؍‬ 1.46 -4.7; P ‫؍‬ 0.003). Major complications were associated with larger catheters (< 6, 6, > 6 Fr: OR ‫؍‬ 2.35; 95% CI ‫؍‬ 1.0 -5.51; P ‫؍‬ 0.05), whereas vascular complications occurred more often with higher body weight (per 10 kg: OR ‫؍‬ 1.4; 95% CI ‫؍‬ 1.01-1.95; P ‫؍‬ 0.04). Overall complication rate in diagnostic coronary angiography is very low and related to the experience of the performing cardiologist and catheter size. The only predicting risk factors for major complications in coronary angiography were catheter size and body weight. Cathet Cardiovasc Intervent 2003;59: 13-18.
INTRODUCTION
In 1929, Werner Forssmann [1] was the first to advance a catheter into the heart. Nowadays, cardiac catheterization is performed routinely in hospitals all around the world. Extensive analyses of complications have been performed in the 1980s and early 1990s, showing a relatively stable mortality rate between 0.1% and 0.2% and an overall complication rate between 0.8% and 1.8% [2] [3] [4] [5] . However, there are few data about procedural complications of diagnostic cardiac catheterization over the last 10 years [6] . Complication rate may be significantly lower in recent years because advanced catheter technologies have improved cardiac catheterization significantly. The aim of the present study was therefore to investigate the complication rate in diagnostic angiography over the last years and to find potential risk factors for major and minor complications.
MATERIALS AND METHODS
Between January 1990 and December 2000, all periprocedural complications within 24 hr of catheterization were assessed from a prospectively conducted, computer-assisted registry of all diagnostic coronary angiographies performed in a tertiary-referral center. The registry was started for reasons of quality control and for follow-up investigations of patients with coronary artery disease.
In all patients, a percutaneous femoral approach with insertion of a catheter sheath using a soft J-guidewire was performed after adequate local anesthesia with 10 -20 ml lidocaine 1%. Only in cases of left and right heart catheterization was 2,500 -5,000 IE heparin administered. In most of the cases, coronary angiography and ventriculography were performed using right and left Judkins and pigtail catheters. Swan-Ganz catheters and Cournand catheters were used for right heart catheterization. Changes of heart catheters always were performed after inserting the soft J-guidewire into the thoracic aorta. After finishing cardiac catheterization, an initial manual compression of the arterial puncture site was performed for at least 5 min following a compressive bandage at the site of the arterial approach for 6 hr with the use of 6 Fr or larger size and 4 hr with the use of 5 Fr or smaller size. Major complications were defined as stroke, perforation of cardiac chamber, dissection or occlusion of coronary artery, dissection or hematoma of peripheral vessel needing intervention. All other complications were defined as minor complications. To analyze the impact of the technical experience, physicians who performed the angiographies were divided in those in training and senior cardiologists (i.e., Ͼ 500 angiographies performed). Three senior cardiologists and six cardiologists in training performed all angiographies; 78% of all procedures were performed by senior cardiologists and 22% by physicians in training.
Statistics
Categorical data are presented as numbers (percentage) and continuous data as mean Ϯ standard deviation or median value (range) as appropriate. Fisher's exact test was used to compare categorical variables and MannWhitney U-test statistic was used to compare continuous variables. Univariate logistic regression analysis was used to calculate odds ratio (OR) for the development of complications. Independence of statistically significant risk factors in univariate analysis was tested in multivariate logistic regression analysis.
Because of the small number of major and vascular complications, no multivariate analysis was performed for these endpoints. A two-tailed P value Յ 0.05 was considered statistically significant. Analyses were performed using the statistical package SPSS for Windows 9.0.
RESULTS
Between January 1990 and December 2000, 7,528 diagnostic coronary angiographies were performed in our catheter laboratory. In 116 (1.5%), data were not complete and these cases were excluded from further analysis. Thus, a total of 7,412 diagnostic coronary angiographies in a total of 6,468 patients (age, 59.4 Ϯ 10.7 years) were included in the analysis. Characteristics of these procedures are depicted in Table I .
In 63 (0.8%) of the 7,412 diagnostic coronary angiographies analyzed, periprocedural complications were observed (Fig. 1) . Major complications occurred in 23 (0.3%) instances, whereas the other 40 (0.5%) complications were minor. Although there was an annual increase in the number of cardiac catheterizations performed between 1990 and 2000, the complication rate remained relatively stable, showing a decrease in the complication rate over the years, although this trend was not statistically significant (Fig. 2) .
A number of risk factors for the rate of complications could be identified (Table II) . The most important was the size of the catheter used. During the study period, smaller catheter sizes became available from initially 7 a The body mass index is calculated as weight in kg divided by the square of the height in m; it is indicated as mean Ϯ SD. ; P ϭ 0.02), and the experience of the physician (OR ϭ 0.54; 95% CI ϭ 0.32-0.91; P ϭ 0.02) were independently related to the complication rate. Major complications were associated with smoking (0.5 vs. 0.2%; OR ϭ 2.76; 95% CI ϭ 1.14 -6.73; P ϭ 0.02) and larger catheters (0.6% Ͼ 6 Fr vs. 0.3% 6 Fr vs. 0.0% Ͻ 6 Fr: OR ϭ 2.35; 95% CI ϭ 1.00 -5.51; P ϭ 0.05). They also tended to be related to body weight (79.8 Ϯ 11.6 vs. 76.2 Ϯ 12.8 kg; P ϭ 0.07). Vascular complications were significantly associated with smoking (0.4% vs. 0.1%; OR ϭ 3.93; 95% CI ϭ 1.28 -12.06; P ϭ 0.01) and higher body weight (82.3 Ϯ 9.4 vs. 76.2 Ϯ 12.8 kg; P ϭ 0.02), whereas the trend for catheter size did not reach statistical significance (0.5% Ͼ 6 Fr vs. 0.2% 6 Fr vs. 0.0% Ͻ 6 Fr: OR ϭ 2.54; 95% CI ϭ 0.93-7.02; P ϭ 0.07).
DISCUSSION
The most important finding of the present investigation was a 0% mortality in diagnostic cardiac catheter- ization in the catheter laboratory and within 24 hr of hospitalization over the last decade in contrary to previous studies reporting the results of large registries [2] [3] [4] [5] .
Also, the overall complication rate was low and tended to decrease over the last years. This decrease was related to an increasing use of small catheters. Furthermore, lack of experience and concomitant right heart catheterization were identified as independent risk factors for the occurrence of complications.
It is important to discuss if a selection bias toward referring only low-risk patients to coronary angiography could have led to these favorable results. Between 1990 and April 1998, diagnostic procedures were performed in our catheter laboratory only. If PTCA was needed, patients were referred to a partner hospital. Due to our location in the northeastern part of Switzerland as the only hospital performing coronary angiographies within 80 miles, it is nearly impossible that high-risk patients were excluded from analysis. However, we cannot completely exclude the possibility that in some cases highrisk patients were primarily transferred by helicopter to a center performing PTCA, but this was not the common practice in our country during the study period. Therefore, the percentage of high-risk patients sent to other hospitals performing PTCA seems to be neglectable. Between April 1998 and December 2000, 325 percutaneous transluminal coronary angioplasties were performed following diagnostic angiography. Complication rate was very low because only low-risk interventions were performed. In 6 of the reported 62 complications, PTCA was performed following diagnostic angiography. In two cases, there was an allergy to the contrast agent, in one case PTCA was performed due to dissection of the LAD during diagnostic angiography, two patients developed pseudoaneurysm of the femoral artery, and one patient suffered from stroke. Therefore, PTCA could only be responsible for three of the complications reported.
Most of the studies investigating the complication rate of diagnostic cardiac catheterization have been performed more than a decade ago. Since the Collaborative Studies in Coronary Artery Surgery Registry data in 1979, the analysis from the Society for Cardiac Angiography and Interventions registry from 1984 to 1987 and data from the British Cardiac Society from 1990 to 1991 were reported. Mortality in these registries ranged from 0.1% to 0.2% and complication rates from 0.8% to 1.8% [2] [3] [4] [5] . The fast development toward more sophisticated and advanced catheter technologies in the last decade may have, however, an important impact on the complication rate. This hypothesis is supported by our results in that both the mortality and the complication rate are below those reported previously. Our data are in line with 0% mortality in outpatient cardiac catheterization reported from other investigators [7] [8] [9] . However, these studies included a smaller number of procedures in a highly selected low-risk population for procedural complications and may therefore underestimate mortality rate in real-world practice.
Apart from the comparison of the complication rate with historical data, the main aim of this study was to identify potential risk factors for the overall as well as major and vascular complications. Our data show that the size of the catheter was the most important risk factor not only for the overall complication rate but also for the occurrence of major and, though not statistically significant, vascular complications. Diagnostic catheter size has been progressively decreased over the last years in order to reduce complications. Our results, however, are in certain contrast with recent studies, which could not demonstrate a reduced complication rate with the use of small 4, 5, or 6 Fr catheters [10, 11] . However, these studies were statistically underpowered to demonstrate differences in mortality or complication rates since only small numbers of patients (100 and 405 patients, respectively) were included.
Lack of experience of the physician was another important risk factors for complications. If an experienced physician performed the study, the complication rate was nearly halved. In coronary angioplasty, it has been shown that laboratory volumes of Ͼ 200 angioplasty cases per year and 75 cases per operator are necessary to minimize complications [12] . In coronary angiography corresponding data are lacking, although the skill and experience of the operator and the laboratory staff have been postulated as important factors for reducing complication rate [13] . This assumption is supported by our report. In our prospectively conducted registry, the complication rate was strongly associated with the number of angiographies performed in the past (Ͼ 500 vs. Ͻ 500 angiographies performed).
Finally, the combined left and right heart catheterization was associated with a higher complication rate. This was, however, primarily caused by vagal reactions and rhythm disturbances (data not shown), whereas the other complications, particularly local and vascular, were not more common. These data are in certain contrast to the pooled data from de Bono [4] , which showed no difference in complication and mortality rates in respect to combined left and right heart catheterizations as compared to left heart catheterization alone.
Major and Vascular Complications
Despite the favorable decrease of complication rate related to advanced catheter technologies and the experience of the physicians, stroke and dissection/occlusion of peripheral or coronary arteries still remain a major problem in cardiac catheterization. In our series, stroke occurred in 0.11%, with a persistent neurological defect in only three patients (0.04%) and dissection of peripheral or coronary arteries in 0.2%. Our data are comparable with a 0.1% stroke rate reported by Sagal et al. [14] in a series of 7,266 diagnostic angiographies and a 0%-0.34% rate of vascular complications and dissection of coronary arteries reported from the Joint Audit Committee of the British Cardiac Society and Royal College of Physicians [4] . Attempts toward better management of stroke patients such as systemic or intra-arterial thrombolysis to improve outcome have been very encouraging [15, 16] . Whether this may also help in patients suffering from stroke following catheterization remains to be investigated. In case of peripheral vascular disease, a brachial or radial approach may reduce major vascular complication rate [17] .
Also with respect to major and vascular complications, we found the catheter size of importance. Furthermore, they were more common in smokers. This was mainly caused by an increased rate in stroke and peripheral dissection. Although not proven by this study, it may be speculated that advanced atherosclerosis of the aorta and the iliacal arteries as seen in smokers [18, 19] is related to this increased risk. Another risk factor, particularly of vascular complications, was a high body weight. This may not come as a surprise since increased body weight is associated with numerous cardiovascular risk factors [20] and puncture as well as closure of the access site may be more difficult in obese patients.
Others did not find the same risk factor for major and vascular complications as we did. Thus, major complications in coronary angiography occurred more often in moribund patients, cardiogenic shock (which was not investigated in our study), acute myocardial infarction, valvular heart disease, renal insufficiency, and congestive heart failure [21] . However, the overall low rate of major complications, particularly in our study, makes it difficult to define accurately the most important risk factors for major complications. Moreover, there were important differences in the patient population, making a direct comparison difficult.
Study Limitations
Despite the prospective nature of the registry, analyses of data were retrospective. Furthermore, data were incomplete in 116 (1.5%) patients. These patients were excluded from further analysis. It may be argued that including these patients could have significantly influenced our results. However, the proportion of the excluded patients was small and their characteristics did not differ from the population included in the study. It is noteworthy that the complication rate was low, which might reduce the statistical power of the study. However, the main goal of the present study was to show the low complication rate and a 0% mortality within 24 hr of diagnostic coronary angiography during the last decade in a real-world setting. Finally, due to the design of the present study, some potential contributing factors for worse outcome in coronary angiography such as reduced creatinine clearance were not analyzed.
The development and introduction of smaller catheter sizes in coronary angiography over the last 10 years are significantly associated with reduced complication rate in coronary angiography. Mortality rate has become extremely low. The operator's experience (Ͼ 500 angiographies performed), a negative history of smoking, and normal body weight were independent predictors for good outcome after coronary angiography.
